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Abstract 
This paper presents a preliminary assessment of the potential for CO2 geological storage in Chongqing, China. 
Currently, there are about 116 large stationary CO2 point emission sources which emit 85.57 MtCO2/yr totally. These 
stationary sources are mainly belonged to four industries: cement, power plant, iron & steel and synthetic ammonia 
industries. In the three kinds of geological storage formations, namely, deep saline formations (DSFs), unmineable 
coalbeds and depleted gas fields, the total basin-scale theoretical storage capacities of CO2 reach 24.36 Gt, equivalent 
to about 285 times of the annual total CO2 emissions in Chongqing. The DSFs have the largest potential storage 
capacity accounting for 98% of the total storage capacities. The matching results between CO2 point emission sources 
and candidate geological storage formations show that 94.8% of the point emission sources (accounting for 97.1% of 
annual total emissions) can find at least one candidate geological storage formation in its adjacent areas. This means 
that, for Chongqing, the CO2 transport cost is likely very low. The research findings indicate that there is great 
potential for CO2 geological storage technology to deploy in Chongqing and for this technology to deliver profound 
and sustaining impacts on reducing CO2 emissions and developing low-carbon economy in Chongqing. This 
preliminary study is expected to stimulate more researches, critical thinking and policy actions to promote positive 
measures to reduce greenhouse gas emissions so as to mitigate the impact of global climate change, as well as to set a 
good example for other regions in China. 
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1. Introduction (Heading 1) 
Carbon dioxide (CO2) capture and storage (CCS) is a process consisting of the separation of CO2 from 
industrial and energy-related sources, transport to a storage location and long-term isolation from the 
atmosphere [1]. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Intelligent 
Information Technology Application Research Association. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
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As a new measure to reduce the greenhouse gas emissions, CCS technology has many features like 
great potential to reduce overall mitigation costs and increase flexibility in achieving greenhouse gas 
emission reductions. A large number of studies have shown that CCS technology will play an important 
role in reducing CO2 emissions in this century. According to the findings of IPCC [1], in most scenarios for 
stabilization of atmospheric greenhouse gas concentrations between 450 and 750ppmv CO2 and in a least-
cost portfolio of mitigation options, the economic potential of CCS would amount to 220 ~ 2200 GtCO2 
cumulatively, which would mean that CCS contributes 15 ~ 55% to the cumulative mitigation effort 
worldwide until 2100. The IEA studies also indicated that, compared to the referential scenario, in the 
global power industries and industrial fields, the reduced emissions of CO2 by CCS will take 10% in total 
global energy-related emission reduction till 2030, and by the year of 2050 the contribution of CCS to the 
emission reduction will reach 19% in total global energy-related emission reduction [2]. With such a huge 
potential of reducing emissions, CCS is believed to be one of the most important emission reduction 
technologies. 
Chongqing is a municipality of 32.57 million people urbanizing at a rate of about 500,000 per year [3]. 
It is the benchmark of economic growth in Southwest China with a GDP growth rate of 14.3% in 2008 [3]. 
With the rapid growth of economic, energy consumption increase rapidly in Chongqing. In 2008, the total 
consumption of three kinds of major primary energy, namely, coal, oil and natural gas, amounted to 44.94 
million tons of SCE showing an increase of approximately 218% from 1990 (14.15 million tons of SCE) 
[3]. The rapid growth of primary energy consumption is resulting in fast increase of CO2 emissions which 
brings the challenge of reducing greenhouse gas emissions. Taking into account the expected increase of 
energy demand for sustainable development in Chongqing, the potential for CCS opportunities in 
Chongqing should be investigated as a potential way of reducing CO2 emission. 
Until now, there have been no comprehensive studies of the CO2 emission sources and candidate 
geologic storage formations in Chongqing. This paper presents a first-order assessment of the potential for 
CO2 geological storage in Chongqing, which includes investigating the annual emissions of large scale 
CO2 point emission sources, estimating the theoretical CO2 storage capacities of depleted gas reservoirs, 
unmineable coalbeds and DSFs, and finding some opportunities for CCS deployment in Chongqing. We 
believe this was the first piece of work of this kind and was an important step towards deployment of CCS 
in Chongqing. 
2. Chongqing’s large stationary CO2 point emission sources 
CO2 capture and geological storage is more suitable for large-scale, stationary CO2 point emission 
sources, such as power plants, iron and steel plants, cement kilns and other industries. The aim of this 
investigation was to compile an initial inventory of major CO2 point sources that emit at least 0.1 
MtCO2/yr in Chongqing. CO2 emissions are calculated using the internationally accepted methods [4]. 
Figure 1 shows the distribution of point sources, each of which has annual CO2 emissions more than 
0.1 Mt. There are 116 such point sources, and their total annual emissions are up to 85.57 Mt. Most of 
these sources locate in the western region where the largest power plant, namely, Luohuang Power Plant, is 
located representing about 15% of Chongqing’s total annual emissions. 
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Figure 1 Map of large-scale CO2 sources by type and size in Chongqing 
Table 1 and Figure 2 indicate the basic features of point sources in major CO2 emission industries in 
Chongqing. Major CO2 emission industries in Chongqing are cement, power plant, iron & steel and 
ammonia industries, while emissions from the ethylene, hydrogen, oil refining and ethylene oxide 
industries are all below 0.1MtCO2/yr. Different from the nationwide [5] and global [4] emission sources 
where the power plant sector is biggest emitter, cement sector is biggest emitter accounting for 47.19% of 
the total annual emissions in Chongqing. This implies that emission reduction of cement sector is more 
important in Chongqing than that in other places. And among these point sources, Iron & steel and power 
plant, releasing the most average annual emissions, are the most concentrated sources,  
TABLE 1 Emissions OF MAJOR CO2 EMISSION INDUSTRIES IN CHONGQING (MT, 2009) 
Industry Power plant Cement Ammonia Iron & steel Total
Emissions 31.19 35.78 4.10 14.50 85.57
Number of point 
sources 
25 71 10 10 116
Average annual 
emissions 
1.25 0.50 0.41 1.45 0.74
 
 
 
 
 
 
 
 
 
 
Figure 2 CO2 emission structures of four industries of Chongqing in 2009 
and naturally are also the main targets of CCS technology. Although there are many point sources in 
cement industry, and the total emissions are of the most, however, each source has a relatively small 
average annual emission of 0.5 Mt, which defines the scale of CCS system to be mounted on cement plants. 
Synthetic ammonia sector emits 4.1MtCO2/yr, does not have a big potential for CO2 deep reductions, but 
provides the opportunities of low cost CCS projects due to the high CO2 concentration of the emitted gas. 
Power plant
33.07%
Cement 
47.19%
Ammonia 
4.36%
Iron & steel 
15.38%
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The exact CO2 concentration of emitted gas from synthetic ammonia sectors should be identified in the 
future work. 
3. CO2 geological storage capacity in Chongqing 
According to different types of storage formations, CO2 geological storage technology has mainly four 
kinds of methods, namely, storage in DSFs, storage in unmineable coalbeds with potential for enhanced 
coalbed methane recovery (ECBM), storage in depleted oil fields with potential for CO2 enhanced oil 
recovery (EOR), and storage in depleted gas fields. There is no oil field in Chongqing, therefore this study 
focuses on estimating the basin-scale CO2 storage capacities of DSFs, unmineable coalbeds and depleted 
gas fields, using the methods used in previous studies [6]. 
3.1Deep Saline Formations (DSFs) 
DSFs usually refer to the sandstone formations or carbonate rock formations, the water in which 
contain a high concentration of dissolved minerals – predominately salt, and are not suitable for drinking 
and irrigation. DSFs are likely to be the largest and most widely existing CO2 storing rocks with a big 
capacity, which can guarantee CO2 in a supercritical, dissolved, residual, mineralized state, so as to realize 
the long-term storage. 
Based on the assessment phase, this study has only assessed the storage capacity of sandstone 
dissolution, which is a more conservative approach. The estimation of each basin’s storage capacity is 
carried out in application of the storage capacity theory described by Brennan and Burruss [7]. Figure 3 
shows the distribution of basins on which the estimation of CO2 storage capacity is done. The basin 
boundaries and locations are taken from the Atlas of Oil and Gas Basin in China [8]. Chongqing locates in 
Sichuan Basin, the basin covers approximately 56,900 km2, the average net sandstone thickness of the 
region evaluated is 300m, the average porosity is 0.05 [6], and the total CO2 storage capacity is estimated 
up to 23.90 Gt. 
3.2Unmineable Coal beds 
CO2 storage in coals is mainly due to the adsorption of the pore surface to CO2. Usually the pore 
surfaces have been occupied by methane (CH4), but because of the coal’s stronger absorption ability for 
CO2, CH4 can be replaced by CO2, and easily driven out of the coal by the injected CO2. Consequently, this 
method may achieve a higher coalbeds CH4 production rate and recovery ratio. Thus it is also called as 
CO2 enhanced coalbeds methane recovery technology (CO2-ECBM). CO2-ECBM has not become a 
commercial available technology, but many countries are working on solving technical problems to 
develop it towards commercial deployment. 
The calculation method used here assumes that the coalbeds methane resources suitable for the CO2-
ECBM are all suitable for CO2 storage. The basic data of coal-bearing regions in Chongqing are taken from 
the United States Geological Survey [9] of the Chinese coal－regional fundamental data, while using 
higher-resolution maps of China's coal resources and resource evaluation results as a supplement [10]. 
In Chongqing's main coal-bearing basins and regions (as shown in Figure 3), the total storage capacity 
via CO2-ECBM is estimated at approximately 0.04 Gt CO2. 
3.3Depleted Gas Fields 
Location and key characteristics of major Chongqing’s gas basins were compiled using data taken 
primarily from the second Atlas of Oil and Gas Basins in China [8]. Chongqing's proven natural gas 
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reserves are 249.653 billion m3 (as shown in Figure 3). If all the gas fields are depleted, we will be able to 
store 0.42 Gt CO2. 
Through gathering the storage capacities of DSFs, unmineable coalbeds, depleted gas fields, we can get 
the total basin-level theoretical CO2 storage capacities, as shown in Table 2. Chongqing’s basin-level 
theoretical CO2 geological storage capacities are quite huge, providing a good potential for CO2 storage 
technology to deploy. 
Table 2 The storage capacities in various options in Chongqing (GtCO2) 
Storage options DSFs Coalbeds Depleted gas fields 
Storage capacity 23.90 0.04 0.42 
4. Source-site matching and CO2 geological storage opportunities in Chongqing 
4.1The characteristics of emission sources 
From the research findings of CO2 emission sources in Chongqing, the point sources in Chongqing are 
different from those in a national range where power plant industry has the largest proportion by annual 
emissions; emission of cement industry is the most in Chongqing. However, among the point sources in 
Chongqing, the largest point source is Luohuang power plant (location shown in Figure 1) with an installed 
capacity of 2.64 million kilowatts and an annual CO2 emission of about 12 Mt, which makes it an 
important object in carrying out CCS in the future. 
Another significant source of emissions is Shuanghuai power plant (the position shown in Figure 1). 
Although the installed capacity is only 600,000 kilowatts and the annual CO2 emissions are only 3 Mt, it is 
expanding to 1.8 million kilowatts. After that there will be 2.4 million kilowatts of installed capacity, and 
the annual emissions would be over 10 Mt. More importantly, at present the plant is running a 10kt/a CO2 
capture pilot system, which is currently the largest power plant-based CO2 capture project running within 
China. Although the CO2 captured in this project is not used for geological storage now, this project is of 
great importance in the future strategy for the implementation of CCS. 
Synthetic ammonia sectors have small annual emissions, but provide the opportunities of low capture 
cost due to the high CO2 concentration of the emitted gas. 
4.2The characteristics of candidate formations 
Among the three storage options in Chongqing, DSFs have the largest theoretical storage capacity of 
23.90Gt, providing a potential for long-term and large-scale reduction. However, DSFs have a higher cost 
due to the lack of existing infrastructure and deep geological data. So it can only be taken as an approach 
for CO2 emission reduction option in a long-term. Storage capacity of coalbeds is the smallest, currently 
shallow coalbeds are still in the mining state, and the definition of unmineable coalbeds is difficult to 
determine, so it is difficult to implement CO2-ECBM in medium term. Chongqing’s natural gas resources 
are abundant, CO2 storage capacity of natural gas fields is up to 0.42 Gt, and some gas fields are depleted 
or nearly depleted (as shown in figure 3, such as Xiangguosi Gasfield, Shuanglong Gasfield, and Dongxi 
Gasfield, etc.). The geological data of these gas fields are relatively complete, and there are existing 
boreholes and a certain amount of emission sources in the surrounding. If the natural gas fields are used to 
store CO2, and further to enhance the natural gas production, the cost will be lower, indicating 
opportunities for early implementation of CO2 geological storage. Thus this option offers the priority of 
alternatives in recent implementation of CCS technology research and demonstration in Chongqing. 
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However, gas fields’ CO2 storage cannot be expected to play a significant role in the emission reduction in 
Chongqing due to its limited capacity. 
4.3The source-site matching 
Whether a preliminary measure of CO2 geological storage technology is practicable in a particular 
region or country depends upon the distances between CO2 storage sites and large-scale CO2 emission 
sources. By visual inspection on the map of the distances between CO2 point sources and candidate storage 
sites, as well as the distributions of emission sources and candidate storage sites in Chongqing, we could 
get a rough sense that the condition is very good for CO2 geological storage technology to deploy. As 
shown in Figure 3, in addition to a few sources, most of the other emission sources can be matched with 
candidate storage sites nearby (DSFs, coalbeds or gas fields). 
However, more accurate distribution maps and source-site matching are available through analysis 
combining geographic information system models. Figure 3 lists out approximate analytic matching results 
of the CO2 sources and candidate storage sites in Chongqing. By calculating the percentage of emission 
sources and candidate storage sites, each source should have at least one candidate storage site within a 
specified distance. According to the matching of 116 CO2 point sources and the three kinds of candidate 
storage sites, namely, DSFs, coalbeds and gas fields, 110 point sources have optional storage sites in the 
neighboring area (within 0 km), accounting for 94.8% of the total number of emission sources and 97.1% 
of the total annual emissions in Chongqing. This means that, for Chongqing, the CO2 transport distance is 
not much constrained. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Location maps of large-scale CO2 point sources and candidate formations in Chongqing 
4.4Early opportunities 
Based on the above analysis, synthetic ammonia sectors have small annual emissions, but provide the 
opportunities for low cost capture due to the high CO2 concentration of the emitted gases; On the other 
hand, CO2 storage capacity of natural gas fields is large, and some gas fields are depleted or nearly 
depleted. The geological data of these gas fields is relatively complete, and there are existing boreholes, as 
a result, the costs of gas fields’ storage may low. Therefore, storage of CO2 emitted from synthetic 
ammonia sectors in gas fields is likely to be the early opportunity for CCS technology demonstration and 
implementation in Chongqing. Figure 4 shows the locations of synthetic ammonia industries and gas fields 
in Chongqing, from which you can see that gas fields can be found nearby most synthetic ammonia 
industries. 
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Figure 4 Location maps of synthetic ammonia industries and gas fields in Chongqing 
4.5Long-term and deep reduction approach 
According to the above analysis, storage of CO2 emitted from cements and power plants in DSFs will 
be the main approach for long-term, large scale and deep reduction in Chongqing. 
Shuanghuai power plant is running a 10kt/a CO2 capture pilot project. Maybe there is a demonstration 
opportunity if it expands to 100kt/a. 
5. Conclusions 
This study performed a first-order assessment of CO2 geological storage capacities at basin-scale and 
the large-scale CO2 point emission sources in Chongqing. The research findings indicate that there is good 
condition and great potential for CO2 geological storage technology to deploy and for this technology to 
deliver profound and sustaining impacts on reducing CO2 emissions and developing low-carbon economy 
in Chongqing. The study results show that storage of CO2 from ammonia plants in depleted gas fields may 
have near future opportunities for CCS demonstration projects; however, large-scale and long-term 
reduction relies on storing CO2 from cement industries and power plants in DSFs; Shuanghuai Power Plant 
which has a 10kt/a capture apparatus and Luohuang Power Plant which is the largest point source in 
Chongqing will be important targets in demonstrating CCS technology. 
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